Jebba area southwestern Nigeria forms part of the Nigerian basement complex which lies in the Neoproterozoic PanAfrican mobile belt. It is underlain by several lithological units among which is a polydeformed granitic gneiss. This rock has been dated by LA-ICP-MS yielding a concordant U-Pb zircon age of 2207 ± 20 Ma indicating the crystallization age of the granite protolith. This early Rhyacian age and its affinity with within-plate granites indicates emplacement during crustal extension and rifting preceding the main phase of the Eburnean orogeny. The strong, early, shear fabric, S 1 , in the rock is interpreted to be also of Paleoproterozoic age i.e. imprinted during the Eburnean orogeny. The Jebba granitic gneiss is thus correlatable with the widely abundant Paleoproterozoic granitic magmatism now represented by many orthogneisses and documented in other parts of southwestern Nigeria, the West African craton, the Borborema Province, the Gurupi Belt, Sao Luis craton and Sao Francisco craton in Brazil.
Introduction
The Nigerian basement complex forms the southern part of the Trans-Saharan Pan-African mobile belt [1] of Neoproterozoic (500 -750 Ma) age situated between the Archean-Paleoproterozoic blocks of the West African craton to the west, the East Saharan block to the east and the Congo craton to the southeast (Figure 1 ). This basement complex comprises gneisses, migmatites and supracrustals which have yielded Archean and Proterozoic ages [2, 3] and bears the imprints of Liberian (ca 2700 Ma), Eburnean (ca 2000 Ma) and Pan-African (ca 600 Ma) orogenic events [3] [4] [5] [6] [7] [8] [9] . The polyphasal nature of the deformation and metamorphism of the Nigerian basement complex rocks has been recognized and documented by several workers e.g. [7, [10] [11] [12] [13] . Several orthogneisses of Paleoproterozoic age have been documented from some parts of southwestern Nigeria including Ibadan granitic gneiss-Rb/Sr isochron age of 2206 ± 70 Ma [4] , Ile-Ife grey gneiss-U-Pb age of 2.3 Ga [9] , Igbeti augen gneiss-Rb/Sr isochron age of 1.9 Ga [14] , Kabba granodioritic gneiss-U-Pb age of 2103 ± 8 Ma [2] .
However, in Jebba area, lack of geochronological data has not allowed the different rock suites related to the different orogenic cycles to be distinguished. In particular, the age relations of the various rock units in the area were not known and it was not possible to constrain the lithotectonic evolution of the area on a geochronogical basis. Of critical importance are the age relations of the several generations of granitic rocks showing a wide range in terms of tectonic deformation and development of structural fabrics that are exposed in the area. In particular, the ages of the strongly foliated and folded granitic orthogneisses and their stratigraphic position in relation to the other rock units and to the recognised orogenic events affecting the Nigerian basement complex has been unclear.
This paper reports the first data on the geochronology of the leucocratic Jebba granitic gneiss, a very strongly deformed and folded unit in the area and examines its significance in the Paleoproterozoic crustal evolution of the area and also discusses it correlation with other parts of the Nigeria basement complex and western Gondwana, especially Brazil. facies [13] . These rocks have been intruded by largely undeformed granitic rocks of probable Neo-Proterozoic age emplaced during the Pan-African orogeny. Four lithostratigraphic units have been recognized in Jebba area (Figure 2 ). In the east is an N-S trending belt of quartzofeldspathic gneiss with local quartzofeldspathic veining which contains a thick, intercalated quartzite. This gneiss is bounded on the west by an N-S belt of granitic gneiss. West of this is a metagreywacke unit with intercalated amphibolites bands, to the west of this is a very thick sequence of quartzites which locally contain preserved cross-stratification. The western and eastern bodies of quartzite are locally pebbly. Quartz mica schists occur in the far west. These metamorphic rocks have been intruded by largely undeformed granitic rocks ranging from porphyritic to medium-grained varieties.
Five phases of deformation have recognized in the metamorphic rocks of the area. These involved foliation development, several generations of folding as well as ductile shearing and brittle faulting [13] . The boundary between the granitic gneiss and the metagreywacke is a tectonic one defining a ductile thrust with a top to the southeast transport direction [13] .
This paper reports geochronological data on this granitic gneiss and assesses their implications for the tectonic evolution of Jebba area.
Petrography of the Jebba Leucocratic Granitic Gneiss
This is a leucocratic, medium-grained strongly foliated and lineated rock containing plagioclase (40%), quartz (25%), microcline (18%), muscovite (15%) and a few biotite grains. Muscovite forms overgrowths on muscovite as well as on the opaque mineral suggesting some replacement of biotite by muscovite accompanied by the release of the ore mineral. Accessory minerals are magnetite, apatite, titanite, zircon, chlorite, sericite and epidote. The very strong planar fabric is defined by the alignment of muscovite and quartz ribbons as well as by opaque mineral (magnetite) strewn along the foliation. The granitic gneiss is also locally marked by also a very strong linear fabric-a stretching lineation-defined by quartz and feldspar grains plunging gently to the NNW [13] . Locally, the granitic gneiss contains very thin, elongate slivers (xenoliths) of dark, schistose material believed to be derived from the preexisting country rock.
Geochemistry of the Granitic Gneiss
The chemical compositions of seven samples of the granitic gneiss obtained by X-Ray Fluorescence spectrometry are presented in Table 1 . Analytical methods and precision are as described by [15] .
Major Elements
The rock classifies as a granite on the classification diagram of [16] (Figure 3(a) ). It is a highly siliceous rock with SiO 2 contents higher than 75%. Total iron as Fe 2 O 3 contents range from 2.53% to 3.06%. MgO and CaO contents are very low, less than 0.20%, and 1%, respectively. On the K 2 O versus SiO 2 plot after [17] it plots as a high-K calc-alkaline granite (Figure 3(b) ) and in the calc-alkaline field in the AFM triangular diagram (Figure 4(a) ). The granitic gneiss is slightly peraluminous in the molecular Al 2 O 3 /CaO + NaO + K 2 O versus SiO 2 diagram (Figure 4(b) ) and ferroan (Figure 4(c) 
Trace Elements and Tectonic Classification
The rock contains appreciably higher concentrations of the high field strength elements e.g. Zr, Nb and Y and the heavy rare-earth elements e.g. La Ce and Nd. On the Nb versus Y tectonic setting discrimination diagram after [19] ( Figure 5(a) ) the granitic gneiss plots in the within-plate field. This is also supported by the plot of the rock in the Rb versus Nb+Y diagram ( Figure 5(b) ). Thin sheets of amphibolite intercalated with the metagreywacke in the area also have chemical characteristics of within-plate basalts [20] suggesting that they were emplaced in an extensional tectonic environment. The protoliths of the granitic gneiss and the amphibolite were therefore products of bimodal magmatism associated with intracontinental rifting [20] .
Zircon Morphology and Internal Features
Zircon grains from the granitic gneiss are largely squatshaped with one end broken and are characterized by fractures (Figure 6 , BSE image). The grains also exhibit well-developed oscillatory (concentric) growth zoning (Figure 6 , CL image) indicative of originally igneous zircons [21] . The obtained average Th/U ratio (0.54) is also typical of zircons formed by igneous processes.
Geochronology
Zircons from this rock were analyzed by LA-ICP-MS technique in the Institute of Mineralogy and Crystallography of Bulgarian Academy of Sciences, Sofia, Bulgaria using a PerkinElmer ELAN DRC-e ICP-MS connected to the NWR/ESI UP-193FX ArF excimer laser ablation system. A cathodoluminescence (CL) and back-scattered electron (BSE) imaging of each selected zircon grain previously mounted in epoxy and finely polished were performed prior to the mass spectrometry measurements. The representative zircon selection was made from an initial sample set of more than 100 grains. All electron microscopy investigations were performed on the Zeiss EVO 25LS SEM. The main parameters of the LA-ICP-MS instrument set-up are described in Table 2 .
The machine was calibrated and optimized to the proper U-Pb ratios at high signal sensitivity level by repeated measurements of GJ-1 natural zircon standard [22] . Another widely used LA-ICP-MS geochronology zircon reference material (Plesovice) was adopted for data verification purposes [23] . Each five sample unknowns were bracketed by two standard measurements both from GJ-1 and Plesovice performed under the same analytical conditions. The off-line data reduction code Iolite [24] was implemented for calculation and correction of the U-Pb ratios before final age calculation procedure was performed by Isoplot toolkit [25] . The ob- tained isotope ratios are presented in Table 3 . The concordia diagram and the weighted average ratio of the 206 Pb/ 238 U age are presented in Figures 7(a) and (b) , respectively.
The fifteen analyzed zircon grains give a concordant data cluster age of 2207 ± 20 Ma (Figure 7(a) ) which can be interpreted to be the crystallization age of the granite protolith and therefore the time of emplacement of the granite. The above-mentioned concordant age has no record of the Pan-African imprint and so indicates that inspite of its Paleoproterozoic value and the relatively low level of concordance obtained, this particular isotopic system had remained closed since the Eburnean times.
It has therefore not been affected by the Pan-African tectonothermal reworking.
Discussion
The age obtained, 2207 ± 20 Ma, for the emplacement/ crystallization of the Jebba leucocratic granitic gneiss which is early Paleoproterozoic is slightly earlier than the time of the Eburnean orogenic cycle in southern Mali, West Africa, which has been established at between 2100 and 2070 Ma [26] . The gneissic Gondo granite in the Paleoproterozoic Bole-Nangodi belt, Ghana associated with Birimian rifting has been dated at 2187 Ma [27] and was emplaced prior to the Eoeburnean collision at ca 2150 Ma.
According to [28] ferroan calc-alkali granitoids are more likely to have formed from magmas derived from crustal melting or those that have incorporated large amounts of crustal melt. The geochemical characteristics of the Jebba granitic gneiss as well as its close association with amphibolites similar to icelandites [20] suggest its emplacement in a within-plate, continental, extensional tectonic regime and derivation from a magma that had crustal influence.
The heterogeneous nature of the Pan-African tectonothermal reworking in the Nigerian basement complex whereby Paleoproterozoic rocks have escaped isotopic resetting has been recognized by some workers, especially in southwestern Nigeria [2, 3] . Geochronological data particularly U-Pb on zircons have documented the occurrence of several Paleoproterozoic orthogneisses in southwestern Nigeria including the Kabba granodioritic gneiss [2] , dated 2103 ± 8 Ma.
The Paleoproterozoic was a very important crust- forming period of time marked by long-lived granitic magmatism in Africa and South America [29, 30] as similar ages on orthogneisses and granitoids have been documented from the Nigerian basement complex, parts of the West African craton, the Zenaga inlier, Morrocco [31] , the Borborema Province [32] , Gurupi Belt, Brazil [33] , Sao Luis craton, Brazil [34] , and the Sao Francisco craton, Brazil [35] , among others. It has been suggested on the basis of geological and geochronological data that the Amazonian, West African, Sao Francisco, Congo cratons as well as the basements of the Araguaia, Borborema, Nigerian and Cameroon provinces were part of the Atlantica Supercontinent established at the end of the Trans-Amazonian/Eburnean orogenic cycle at ca 2000 Ma [35] .
Conclusions
In Jebba area, Paleoproterozoic, early Rhyacian, granitoid magmatism was related to crustal extension and rifting prior to the main period of the Eburnean orogenic cycle. Early tectonic fabrics in the Jebba granitic gneiss defined by the strong planar preferred orientation of quartz, the feldspars, muscovite and opaque ores are pro-bably the products of Eburnean deformation at mid amphibolite facies of metamorphism. The late tight to open recumbent folds of these early fabrics are probably due to the Neoproterozoic, Pan-African (ca 600 Ma) orogeny which also involved the emplacement of largely undeformed granitic rocks which intruded the metamorphic rocks in the area.
The Jebba granitic gneiss therefore forms part of the Paleoproterozoic basement that escaped remobilization during the subsequent Neoproterozoic Pan-African orogeny at ca 600 Ma and still retains the imprint of the Paleoproterozoic Eburnean orogeny at ca 2000 Ma.
